Various workers have studied the effect of fluoride on respiration rates of plant tissues (1, 7, 8, 9, 14, 18, 19, 22, 23) . In some cases fluoride has been found to stimulate respiration and in others to inhibit it. Ordin and Jacobson (23) found a marked inhibition in oxygen uptake when barley roots were treated with fluoride concentrations of 0.002 M. Bonner and Wildman (7) (21) that the presence of the pentose phosphate pathway in some tissues can explain their insensitivity of glucose breakdown to fluoride. The occurrence of at least some of the reactions involved in this pathway has been shown in several higher plants (4, 13). The influence of fluoride on each of the individual reactions has not been reported but Gibbs (12) and Clayton (10) showed that the breakdown of some of the intermediates was not inhibited. The principle objective of the present experiments was to determine whether the pathway of glucose breakdown was altered in leaves damaged by fluoride. An increased utilization of the pentose phosphate pathway could account for a large part of the oxygen uptake in tissues exposed to fluoride. This might help explain the cases mentioned in which respiration rates were not decreased in fluoride-injured tissues. 
Various workers have studied the effect of fluoride on respiration rates of plant tissues (1, 7, 8, 9, 14, 18, 19, 22, 23) . In some cases fluoride has been found to stimulate respiration and in others to inhibit it. Ordin and Jacobson (23) found a marked inhibition in oxygen uptake when barley roots were treated with fluoride concentrations of 0.002 M. Bonner and Wildman (7) observed similar results with spinach leaf discs. Applegate et al. (1) found that high fluoride concentrations inhibited respiration of bush bean seedlings but that seedlings infiltrated with lower concentrations (0.001-0.0001 M NaF) often respired faster than those infiltrated with water. The influence of fluoride was modified by light, COO, and the presence of chlorophyll.
MIcNulty and Lords (19) , working with Chlorella pyrenoidosa, also reported that while high concentrations of fluoride were inhibitory, lower levels stimulated oxygen uptake. The stimulation appeared to be related to the undissociated HF concentration in the suspending media. All concentrations of the NaF added caused increases in total nucleotide phosphate and it was suggested that increased respiration may have resulted from increases in phosphate donor or acceptor.
Other workers have reported cases where fluoride did not decrease the respiration of various plant tissues. Christiansen and Thimann (9) reported increased rates in pea stem sections treated with a fluoride concentration which decreased growth of the sections nearly 50 %. Bonner and Thimann (8) found that amounts of fluoride sufficient to decrease growth of oat coleoptiles 50 % did not inhibit respiration rates. Nickerson It is well known that glycolysis is inhibited by fluoride. As shown by Miller (20) , the enzyme enolase from plant tissues is inhibited by very low fluoride concentrations, especially in the presence of phosphate and magnesium ions. It has been suggested by Neilands and Stumpf (21) that the presence of the pentose phosphate pathway in some tissues can explain their insensitivity of glucose breakdown to fluoride. The occurrence of at least some of the reactions involved in this pathway has been shown in several higher plants (4, 13) . The influence of fluoride on each of the individual reactions has not been reported but Gibbs (12) and Clayton (10) showed that the breakdown of some of the intermediates was not inhibited. The principle objective of the present experiments was to determine whether the pathway of glucose breakdown was altered in leaves damaged by fluoride. An increased utilization of the pentose phosphate pathway could account for a large part of the oxygen uptake in tissues exposed to fluoride. This might help explain the cases mentioned in which respiration rates were not decreased in fluoride-injured tissues. (18) . A similar control chamber was used containing no added fluoride. After 5 or 6 days, when damage had become rather extensive, leaves were taken for respiration studies.
Materials & Methods
Leaves from all treatments were rinsed in tap water followed by distilled water. Equal samples of tissue (about 14 mg dry wt) were obtained by cutting groups of discs from the leaves with an 8 mm cork borer. Twelve discs were randomly selected and placed in 15 ml Warburg flasks containing 1.0 ml distilled water. Either glucose-1lC14. -6-C'4, or -2-C14 (1.0 ml containing 0.15 mg glucose) was then added to each flask. The radioactivity added amounted to 0.33 microcuries per flask. In the experiments with P. orientale the leaf discs were vacuum infiltrated with the sugar solutions (0.33 microcuries per ml) before being placed in the \Varhurg flasks. Preliminary experiments showed that such infiltration does not significantly affect the CO., release from carbon-1 compared to that of carbon-6. The center wells contained 0.2 ml 15 % KOH and the sidearms contained 0.5 ml of 6 N H2SO4. Meas (15) studied glucose breakdown in corn root tips and concluded that a quantitative evaluation of catabolic mechanisms for glucose based only on C1402 yields from C-1 and C-6 of glucose is not possible. In their experiments glucose-2-C14 was used in addition to C-1 and C-6 labeled sugars. Their conclusion was based on observations that the yield from C-2 was considerably lower than that from C-6. This places doubt on the validity of the theoretical basis for the use of C6/C1 ratios to estimate respiratory pathways. In either glycolysis or the pentose phosphate pathway C-2 is released before C-6 and thus C6/C2 ratios should never be greater than 1. In order to determine whether their conclusion could be extended to the leaf tissues used in the present studies, experiments were performed 'in which glucose-2-C4 was provided as well as glucose-i-C"4 and glucose-6-C14. Oxygen absorption and C14 recoveries were measured as usual and C6/C1 and C6/Co ratios calculated.
Table II (Expt. B) shows the data for damaged leaves from plants fumigated with HF and for healthy leaves from the control chamber. Oxygen absorption was stimulated in the damaged leaves. Production of C14 from C-6 and C-2 labeled glucose molecules was approximately the same for damaged and for healthy tissues. More C14"0 was released from glucose-l-C14 in the damaged leaves, again causing decreased C6/C1 ratios. It is important to note that in both treatments radioactivity recovery was higher from glucose-2-C14 than from glucose 6-C14. The average C6/C2 ratio was 0.78 for fumigated leaves and 0.88 for controls. of C402 from C-6 than from C-1 as time progresses. If no preferential assimilation of carbon residues contained different amounts of C-1 and C-6 occurred, the ratio would be unity at the completion of oxidation regardless of the breakdown pathway (5) . Thus the time interval should be limited so that only a fraction of the glucose is respired. Studies were made on C'4 release from C. iniurale leaf discs at intervals over a 14-hour period to determine whether the ratios obtained depended on the length of the respiratory period. This was accomplished by removing the KOH containing C14 from the Warburg flasks at various times and replacing it with fresh solutions. Figure 1 shows the recovery from glucose labeled in the three positions for both fluoride-injured and KCI-treated leaf discs. The decrease of C6/C1 ratios associated with fluoride is probably due to inhibition of glycolytic reactions. The most probable site is the enzyme enolase, although Axelrod and Bandurski showed that phosphoglyceryl kinase is also somewhat sensitive to fluoride (3) . An inhibition of enolase would lead to an accumulation of 3-phosphoglyceric acid, which might then be reduced to triosephosphate and resynthesized into hexose. The hexose so formed would then be available for pentose phosphate pathway oxidations. According to this mechanism the overall respiration rate might be little affected by fluoride. Decreased CA/Cl ratios would be expected in tissue in which enolase is inhibited relative to pentose phosphate pathway reactions regardless of whether a resynthesis of hexose takes place from accumulated metabolites. This effect would occur because the yield of C14 from either g-l-C14 or g-6-C'4 would be reduced equally by a block in the glycolytic contribution to respiration, but the yield from g-1-C14 metabolized by the pentose phosphate pathway would be less affected.
Summary
The influence of fluoride injury on the pathway of glucose breakdown as estimated by the use of C6/C1 ratios was studied in normal and injured leaves or Pol gonum orientale L. and Chenopodium mutrale L. Decreased ratios were observed in damaged leaves, indicating a relative increase in importance of the pentose phosphate pathway. Such decreases were observed in excised leaves exposed to KF and in leaves from plants that were exposed to atmospheric HF. The decreased ratios are believed to be due to an inhibition of glycolysis, probably principally of the enzyme enolase. C6/C2 ratios were also determined in both normal and fluoride-injured leaves. These ratios were consistently less than 1, which would be expected if glucose were catabolized by means of the glycolytic and pentose phosphate pathways.
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